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Description

[0001] The present invention relates to a method for
controlling a laundry dryer with a variable drum rotation
speed and a variable fan rotation speed. Further, the
present invention relates to a corresponding laundry dry-
er.
[0002] The drum rotation speed in a laundry dryer is
often constant during the drying cycle. Sometimes a var-
iation of the drum rotation speed is used to optimize the
drying performance. The drum rotation speed may be
changed on the basis of many different situations. For
example, a program for laundry made of wool requires a
drum rotation speed higher than the usual drum rotation
speed. In the wool cycle the higher drum rotation speed
allows to stack the laundry around the wall of the laundry
drum, so that damages to the laundry are avoided. Also
in the case of laundry made of synthetic materials the
drum rotation speed may be different. Further, during a
specific drying cycle the drum rotation speed may
change, for example due to inversions or to drum move-
ment required to un-tangle possible knots in the laundry.
[0003] Any change to the drum rotation speed may
have a not negligible impact into the overall machine per-
formances. The drying cycle is usually negatively affect-
ed when the laundry drum is not rotating at a standard
speed for which the drying performances are maximized.
However, as mentioned a above, variations of the drum
speed from the standard speed are possible to meet dif-
ferent laundry drying requirements
[0004] In particular, the variation of the drum rotation
speed in a laundry dryer with a heat pump system dis-
turbs the overall performances of the laundry dryer.
[0005] US 2012/174430 A1 discloses a method for op-
erating a clothes treating apparatus comprising a hot air
supplying unit provided with a heater and a blowing de-
vice, and having a drying function of drying clothes by
supplying hot air into a drum by use of the hot air sup-
plying unit. The method includes rotating the drum with
the clothes introduced therein, and supplying hot air into
the drum by using the heater and the blowing device while
the drum is rotated, wherein an air flow rate supplied by
the blowing device changes during the hot air supplying
step. Such changes being operated on the basis of the
inner drum temperature detection.
[0006] DE 10 2011 005164 A1 discloses a method for
drying a material in a moving treatment chamber by way
of process air which is guided through the treatment
chamber by means of a fan, wherein the treatment cham-
ber and the fan) are driven by a rotating motor which is
controlled by a control device, wherein the control device
also controls the drying of the material. The motor is a
synchronous motor, and a rotational speed of the syn-
chronous motor is increased considerably during the dry-
ing of the material in comparison with a rotational speed
at the beginning of the drying.
[0007] It is an object of the present invention to provide
a method for controlling a laundry dryer with a variable

drum rotation speed in order to avoid or mitigate the
above mentioned problems, wherein said method im-
proves both energy performance and cycle time. It is fur-
ther an object of the present invention to provide a cor-
responding laundry dryer.
[0008] The object of the present invention is achieved
by the method according to claim 1.
[0009] The method is provided for controlling a laundry
dryer including a heat pump system and/or an air stream
circuit, a laundry drum driven with a variable drum rotation
speed by a first motor and a drying air stream fan driven
with a variable fan rotation speed by a second motor,
said method comprising the step of:

- setting a course of the drum rotation speed or a
course of a drum motor power of the laundry drum,
and being characterised by further comprising the
steps of:

- setting a fan rotation speed and/or a fan motor power
of the drying air stream fan on the basis of the drum
rotation speed and/or the drum motor power of the
laundry drum,

- wherein the fan rotation speed and/or the fan motor
power of the drying air stream fan is decreased with
an increasing drum rotation speed and/or increasing
drum motor power of the laundry drum,

- and wherein the fan rotation speed and/or the fan
motor power of the drying air stream fan is increased
with a decreasing drum rotation speed and/or de-
creasing drum motor power of the laundry drum.

[0010] The main idea of the present invention is the
adaption of the fan rotation speed and/or the fan motor
power of the drying air stream fan to the drum rotation
speed and/or drum motor power of the laundry drum in
order to maximise the drying performance despite vari-
ations of the drum speed during the drying cycle and at
the same time to maintain the energy consumption as-
sociated to the drum motor and fan motor within a pre-
determined level.
[0011] Particularly the applicant has found that when
the drum speed decreases (due to different reasons) a
proper increase of the fan rotation speed recovers an
expected drying performance without exceeding a pre-
determined overall energy consumption. In fact it has
been found that and increased level of the fan rotation
speed compensate the decreased drum rotation speed
in term of drying efficiency so that the overall drying per-
formance are kept close to a maximized level and at the
same time the energy consumption due to the drum motor
and fan motor are maintained within a reasonable range.
An increased fan rotation speed generates an higher flow
rate of the drying air stream, which improves the drying
efficiency. It has been found that in case of laundry dryer
having a heat pump system including a compressor, an
evaporator, a condenser, and expansion means, the in-
crease of energy consumption due to the increased fan
rotation speed is more than compensated by the energy
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consumption decrease at the compressor of the heat
pump system. The higher drying air stream generated
by the increased fan rotation speed improves the heat
exchange at the condenser and evaporator which results
in a lower compressor working level.
[0012] Preferably, according to the present invention,
the course (profile speed over time, pattern speed over
time) of the drum rotation speed or the course of the drum
motor power of the laundry drum is set according to a
program selected by a user, and/or according to an input
by the user, and/or according to an estimated/detected
amount of laundry in the laundry drum.
In practise the pattern of the speed/power of the laundry
drum over time changes in response to the selection
made by the user and/or in response to input by the user,
particularly textile to be dried, initial humidity of the
clothes, final humidity of the clothes to be achieved at
the end of the drying cycle, drum movement for anti-wrin-
kling option.
[0013] Further, the pattern of the speed/power of the
laundry drum over time changes in response to an esti-
mated/detected amount of laundry in the laundry drum.
[0014] In particular, the fan rotation speed of the drying
air stream fan decreases linearly with increasing drum
rotation speed of the laundry drum.
[0015] According to another example, the fan motor
power of the drying air stream fan decreases linearly with
increasing drum motor power of the laundry drum.
[0016] Further, the fan rotation speed of the drying air
stream fan may decrease linearly with increasing drum
motor power of the laundry drum.
[0017] In a similar way, the fan motor power of the dry-
ing air stream fan may decrease linearly with increasing
drum rotation speed of the laundry drum.
[0018] Preferably, a predetermined threshold value of
the drum rotation speed is defined and if the drum rotation
speed is lower than the threshold value, then the fan ro-
tation speed is set to a first fan rotation speed value,
differently if the drum rotation speed is higher than the
threshold value, then the fan rotation speed is set to a
second fan rotation speed value. The first fan rotation
speed value is higher than the second fan rotation speed
value.
[0019] Preferably, the fan rotation speed of the drying
air or the fan motor power of the drying air stream de-
creases step-wise with increasing drum rotation speed
of the laundry drum or with increasing drum motor power
of the laundry drum.
[0020] In particular, the method is provided for a laun-
dry dryer with a heat pump system, wherein a rotation
speed and/or a power of a compressor is controlled in
dependence of the fan rotation speed of the drying air
stream fan.
[0021] In this case, the rotation speed or power of the
compressor may increase with increasing fan rotation
speed of the drying air stream fan.
[0022] For example, the drum rotation speed of the
laundry drum is variable between 10 rpm and 70 rpm, in

particular between 20 rpm and 60 rpm.
[0023] The fan rotation speed of the drying air stream
fan may be variable between 2000 rpm and 4000 rpm,
in particular between 2700 rpm and 3500 rpm.
[0024] The object of the present invention is further
achieved by the laundry dryer according to claim 13.
[0025] The laundry dryer includes a laundry drum driv-
en by a drum motor and a drying air stream fan driven
by a fan motor, wherein the drum motor and the fan motor
are controlled or controllable independently from each
other by a control unit, and wherein the laundry dryer is
provided for the method mention above.
[0026] Since the drum motor and the fan motor are
controlled or controllable independently from each other,
the method can easily be realized by such a laundry
drum.
[0027] For example, the laundry dryer comprises an
air stream circuit driven by the drying air stream fan.
[0028] In particular, the laundry dryer comprises a heat
pump system, wherein a rotation speed and/or a power
of a compressor are controlled or controllable by the con-
trol unit.
[0029] Preferably, the rotation speed or power of the
compressor increases with increasing fan rotation speed
of the drying air stream fan.
[0030] Further, the laundry dryer may comprise an air-
to-air heat exchanger thermally interconnected between
the air stream circuit of the laundry dryer and ambient air.
[0031] At last, the air-to-air heat exchanger may cor-
respond with at least one ambient air fan controlled or
controllable by the control unit.
[0032] The novel and inventive features believed to be
the characteristic of the present invention are set forth in
the appended claims.
[0033] The invention will be described in further detail
with reference to the drawings, in which

FIG 1 illustrates a schematic diagram of a laundry
dryer with a heat pump system according to a
first embodiment of the present invention,

FIG 2 illustrates a schematic diagram of the laundry
dryer with an air-to-air condenser according
to a second embodiment of the present inven-
tion,

FIG 3 illustrates a schematic diagram of the correla-
tion between a fan rotation speed and a drum
rotation speed according to the present inven-
tion,

FIG 4 illustrates a schematic diagram of the correla-
tion between a fan motor power and a drum
motor power according to the present inven-
tion,

FIG 5 illustrates a schematic diagram of the correla-
tion between the fan rotation speed and the
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drum motor power according to the present
invention,

FIG 6 illustrates a schematic diagram of the correla-
tion between the fan motor power and the
drum rotation speed according to the present
invention,

FIG 7 illustrates a schematic diagram of a further ex-
ample of the correlation between the fan rota-
tion speed and the drum rotation speed ac-
cording to the present invention,

FIG 8 illustrates a schematic diagram of another ex-
ample of the correlation between the fan rota-
tion speed and the drum rotation speed ac-
cording to the present invention,

FIG 9 illustrates a schematic diagram of the drum
rotation speed as function of the time accord-
ing to an example of the present invention,

FIG 10 illustrates a schematic diagram of the drum
rotation speed as function of the time accord-
ing to a further example of the present inven-
tion, and

FIG 11 illustrates a schematic diagram of the drum
rotation speed as function of the time accord-
ing to another example of the present inven-
tion.

[0034] FIG 1 illustrates a schematic diagram of a laun-
dry dryer with a heat pump system according to a first
embodiment of the present invention.
[0035] The heat pump system comprises an air stream
circuit 10, preferably closed, and a closed refrigerant cir-
cuit 20. The air stream circuit 10 is formed by a laundry
treatment chamber 12, preferably a rotatable drum, an
evaporator 14, a condenser 16 and a drying air stream
fan 18. The refrigerant circuit 20 is formed by a compres-
sor 22, the condenser 16, an expansion device 24 and
the evaporator 14. For example, the expansion device
24 is an expansion valve. The evaporator 14 and the
condenser 16 are heat exchangers and form thermal in-
terconnections between the air stream circuit 10 and the
refrigerant circuit 20.
[0036] For specific type of refrigerant, for example Car-
bon Dioxide, the heat pump system can work at least at
the critical pressure of refrigerant without change of
phase, and in this case the evaporator is a gas heater
and the condenser is a gas cooler
[0037] The drying air stream fan 18 is driven by a fan
motor 26. The laundry drum 12 is driven by a drum motor
28. The fan motor 26 and the drum motor 28 are control-
led by a control unit 30. The fan motor 26 is connected
to the control unit 30 by a fan control line 32. The drum
motor 28 is connected to the control unit 30 by a drum

control line 34.
[0038] In the air stream circuit 10, the evaporator 14
cools down and dehumidifies the air stream, after the
warm and humid air stream has passed the laundry drum
12. Then, the condenser 16 heats up the air stream, be-
fore the air stream is re-inserted into the laundry drum
12 again. The air stream is driven by the drying air stream
fan 18 arranged between the condenser 16 and the laun-
dry drum 12. In the refrigerant circuit 20, a refrigerant is
compressed and heated up by the compressor 22, cooled
down and condensed in the condenser 16, expanded in
the expansion device 24, then vaporised and heated up
in the evaporator 14.
[0039] The control unit 30 controls a fan rotation speed
vf and/or a fan motor power Pf of the drying air stream
fan 18 via the fan control line 32. In a similar way, the
control unit 30 controls a drum rotation speed vd and/or
a drum motor power Pd of the laundry drum 12 via the
drum control line 34. The fan rotation speed vf and/or the
fan motor power Pf are controlled on the basis of the
drum rotation speed vd and/or the drum motor power Pd
according to an empirical relation (which the applicant
has found by tests) depending on the characteristics of
the heat pump system and the air stream circuit. Said
empirical relations between the fan rotation speed vf and
fan motor power Pf on the one hand and the drum rotation
speed vd and drum motor power Pd on the other hand
assures that the drying efficiency of the laundry dryer is
maintained with minimum energy consumption. In gen-
eral, one or more parameters related to the rotation of
the drying air stream fan 18 are controlled on the bases
of one or more parameters related to the rotation of the
laundry drum 12.
[0040] FIG 2 illustrates a schematic diagram of the
laundry dryer with an air-to-air condenser 36 according
to a second embodiment of the present invention.
[0041] The laundry dryer comprises the closed air
stream circuit 10. The air stream circuit 10 of the second
embodiment is formed by the laundry drum 12, the air-
to-air condenser 36, the drying air stream fan 18 and an
ambient air fan 38. The air-to-air condenser 36 is an air-
to-air heat exchanger and forms a thermal interconnec-
tion between the air stream circuit 10 and the ambient
air. The air-to-air condenser 36 includes two separate
channels. A first channel is provided for the air stream of
the air stream circuit 10. A second channel is provided
for the ambient air. The ambient air is blown through the
second channel by the ambient air fan 38.
[0042] The drying air stream fan 18 is driven by the fan
motor 26. The laundry drum 12 is driven by the drum
motor 28. The fan motor 26 and the drum motor 28 are
controlled by the control unit 30. The fan motor 26 is
connected to the control unit 30 by the fan control line
32. In a similar way, the drum motor 28 is connected to
the control unit 30 by the drum control line 34.
[0043] The air-to-air condenser 36 cools down and de-
humidifies the air stream by ambient air, after the warm
and humid air stream has passed the laundry drum 12.
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Then, the air stream is heated up by a heating device,
for example by an electric heating element, before the
air stream is re-inserted into the laundry drum 12 again.
Said heating device is not shown. The air stream is driven
by the drying air stream fan 18 arranged between the air-
to air condenser 36 and the laundry drum 12.
[0044] The control unit 30 controls the fan rotation
speed vf and/or the fan motor power Pf of the drying air
stream fan 18 via the fan control line 32. Further, the
control unit 30 controls the drum rotation speed vd and/or
the drum motor power Pd of the laundry drum 12 via the
drum control line 34. The fan rotation speed vf and/or the
fan motor power Pf are controlled on the basis of the
drum rotation speed vd and/or the drum motor power Pd
according to an empirical relation depending on the char-
acteristics of the laundry dryer, particularly the air stream
circuit. The empirical relation between the fan rotation
speed vf and fan motor power Pf on the one hand and
the drum rotation speed vd and/or the drum motor power
Pd on the other hand assures that a predetermined en-
ergy consumption is not exceeded and the drying effi-
ciency of the laundry dryer is maintained. In general, one
or more parameters related to the rotation of the drying
air stream fan 18 are controlled on the bases of one or
more parameters related to the rotation of the laundry
drum 12.
The following diagrams in FIG 3 to FIG 6 show examples
of correlations between the fan rotation speed vf or the
fan motor power Pf on the one hand and the drum rotation
speed vd or the drum motor power Pd on the other hand.
[0045] FIG 3 illustrates a schematic diagram of the cor-
relation between the fan rotation speed vf and the drum
rotation speed vd according to the present invention. The
fan rotation speed vf decreases with an increasing drum
rotation speed vd. In this example, the fan rotation speed
vf decreases linearly from 3500 rpm to 2700 rpm, while
the drum rotation speed vd increases from 20 rpm to 50
rpm.
[0046] The following table shows this example of the
correlation between the fan rotation speed vf and the
drum rotation speed vd:

[0047] Similarly, the diagram shown in FIG 3 repre-

drum rotation speed vd: fan rotation speed vf:

≥ 55 rpm 2700 rpm

55 rpm to 50 rpm 2800 rpm

50 rpm to 45 rpm 2920 rpm

45 rpm to 40 rpm 3040 rpm

40 rpm to 35 rpm 3170 rpm

35 rpm to 30 rpm 3300 rpm

30 rpm to 25 rpm 3400 rpm

≤ 25 rpm 3500 rpm

sents a linear relationship between the drum rotation
speed vd and the fan rotation speed vf.
[0048] FIG 4 illustrates a schematic diagram of the cor-
relation between a fan motor power and a drum motor
power according to the present invention. The fan motor
power Pf decreases with an increasing drum motor power
Pd. In this example, the fan motor power Pf decreases
linearly from 150 W to 110 W, while the drum motor power
Pd increases from 150 W to 220 W.
[0049] The following table shows this example of the
correlation between the drum motor power Pd and the
fan motor power Pf:

[0050] Similarly, the diagram shown in FIG 4 repre-
sents a linear relationship between the drum motor power
Pd and the fan motor power Pf.
[0051] FIG 5 illustrates a schematic diagram of the cor-
relation between the fan rotation speed vf and the drum
motor power Pd according to the present invention. The
fan rotation speed vf decreases with an increasing drum
motor power Pd. In this example, the fan rotation speed
vf decreases linearly from 3500 rpm to 2700 rpm, while
the drum motor power Pd increases from 150 W to 220 W.
[0052] The following table shows the example of the
correlation between the drum motor power Pd and the
fan rotation speed vf:

[0053] Similarly, the diagram shown in FIG 5 repre-
sents a linear relationship between the drum motor power

drum motor power Pd: fan motor power Pf:

≥ 220 W 110 W

220 W to 210 W 115 W

210 W to 200 W 120 W

200 W to 190 W 125 W

190 W to 180 W 130 W

180 W to 170 W 135 W

170 W to 160 W 140 W

≤ 160 W 150 W

drum motor power Pd: fan rotation speed vf:

≥  220 W 2700 rpm

220 W to 210 W 2800 rpm

210 W to 200 W 2920 rpm

200 W to 190 W 3040 rpm

190 W to 180 W 3170 rpm

180 W to 170 W 3300 rpm

170 W to 160 W 3400 rpm

≤  160 W 3500 rpm
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Pd and the fan rotation speed vf.
[0054] FIG 6 illustrates a schematic diagram of the cor-
relation between the fan motor power Pf and the drum
rotation speed vd according to the present invention. The
fan motor power Pf decreases with an increasing drum
rotation speed vd. In this example, the fan motor power
Pf decreases linearly from 150 W to 110 W, while the
drum rotation speed vd increases from 20 rpm to 55 rpm.
[0055] The following table shows the example of the
correlation between the drum motor power Pd and the
fan motor power Pf:

[0056] Similarly, the diagram shown in FIG 6 repre-
sents a linear relationship between the drum rotation
speed vd and the fan motor power Pf.
[0057] FIG 7 illustrates a schematic diagram of a fur-
ther example of the correlation between the fan rotation
speed vf and the drum rotation speed vd according to
the present invention. In this example, the fan rotation
speed vf may take either a first fan rotation speed value
vf1 or a second fan rotation speed value vf2. The first fan
rotation speed value vf1 is higher than the second fan
rotation speed value vf2. A predetermined threshold val-
ue vdth of the drum rotation speed vd is defined. If the
drum rotation speed vd is lower than the threshold value
vdth, then the fan rotation speed vf takes the first fan
rotation speed value vf1. If the drum rotation speed vd is
higher than the threshold value vdth, then the fan rotation
speed vf takes the second fan rotation speed value vf2.
[0058] FIG 8 illustrates a schematic diagram of another
example of the correlation between the fan rotation speed
vf and the drum rotation speed vd according to the
present invention. The diagram in FIG 8 is similar to the
diagram in FIG 3. However, the diagram in FIG 3 in linear,
while the diagram in FIG 8 is staircase-shaped. The fan
rotation speed vf in FIG 8 can take a number of discrete
fan rotation speed values.
[0059] FIG 9 illustrates a schematic diagram of the
drum rotation speed vd as function of the time according
to an example of the present invention. In the beginning,
the drum rotation speed vd increases linearly. Then, the
drum rotation speed vd takes a constant steady state
level.

drum rotation speed vd: fan motor power Pf:

≥  55 rpm 110 W

55 rpm to 50 rpm 115 W

50 rpm to 45 rpm 120 W

45 rpm to 40 rpm 125 W

40 rpm to 35 rpm 130 W

35 rpm to 30 rpm 135 W

30 rpm to 25 rpm 140 W

≤  25 rpm 150 W

The constant steady state level of the drum rotation
speed is set according to a program selected by a user,
and/or according to an input by the user, and/or according
to an estimated/detected amount of laundry in the laundry
drum. Therefore different user selections or different
laundry amount loaded inside the laundry drum lead to
different constant steady state levels of the drum rotation
speed. The fan rotation speed and/or the fan motor power
of the drying air stream fan is adjusted accordingly.
[0060] FIG 10 illustrates a schematic diagram of the
drum rotation speed vd as function of the time according
to a further example of the present invention. In this ex-
ample, the rotation direction of the laundry drum 12 is
inverted periodically. The clock-wise and counter clock-
wise rotation speed of the drum are set according to a
program selected by a user, and/or according to an input
by the user, and/or according to an estimated/detected
amount of laundry in the laundry drum.
Therefore different user selections or different laundry
amount loaded inside the laundry drum lead to different
drum rotation speed patterns and the fan rotation speed
and/or the fan motor power of the drying air stream fan
is adjusted accordingly.
[0061] FIG 11 illustrates a schematic diagram of the
drum rotation speed vd as function of the time according
to another example of the present invention. In the be-
ginning, the drum rotation speed vd increases linearly.
Then, the drum rotation speed vd oscillates around an
average value. The rotation speed pattern of the drum
and the average value are set according to a program
selected by a user, and/or according to an input by the
user, and/or according to an estimated/detected amount
of laundry in the laundry drum. Therefore different user
selections or different laundry amount loaded inside the
laundry drum lead to different drum rotation speed pat-
terns average value and the fan rotation speed and/or
the fan motor power of the drying air stream fan is ad-
justed accordingly.
[0062] The applicant has found that the efficiency of
the heat pump system depends on the flow rate of the
air stream in the air stream circuit 10. The flow rate of
the air stream is set by the fan rotation speed vf. The
higher is the flow rate of the air stream, the more efficient
is the heat pump system. As such, it would be advanta-
geous to push upwards the fan rotation speed vf when
the drum rotation speed decreases. The higher energy
consumption of the fan motor 26 in fact is more than
compensated by the lower energy consumption of the
compressor which works in a more favourable condition
when the drying air stream increases.
Therefore, a proper increase of the fan rotation speed vf
recovers the expected performances without exceeding
the predetermined overall energy consumption.
[0063] The present invention is also expedient for a
heat pump system having a variable speed compressor.
In particular, the rotation speed or power of the compres-
sor 22 is adjusted according to the fan rotation speed vf.
The rotation speed or power of the compressor 22 in-
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creases, when the fan rotation speed vf increases.
[0064] In case of vented laundry dryers, a flow rate of
the air stream allows a higher drying capacity, since the
air of the air stream is discharged after it flows through
the laundry drum 12 instead of being re-circulated. More-
over, the higher is the flow rate of the air of the air stream,
the higher is the amount of heat adsorbed from the en-
vironment. This results in a drying time reduction and a
higher efficiency.
[0065] Generally, it has been found that in laundry dry-
ers where the drum rotation speed vd is modified accord-
ing to some logic and/or parameters and/or amount of
laundry loaded inside the laundry drum, the overall per-
formances of the laundry dryer are greatly affected, and
in particularly performances tend to decrease when drum
rotation speed vd is lowered. Therefore, it is possible to
increase the fan rotation speed vf in order to recover the
expected efficiency of the laundry dryer without exceed-
ing a predetermined energy consumption. In conclusion,
the idea of the present invention is to regulate the fan
rotation speed vf on the basis of the drum rotation speed
vd according to an empirical relation. Said empirical re-
lation depends on the characteristic of the machine and
assures not to exceed the predetermined energy con-
sumption whilst maintaining the drying efficiency of the
laundry dryer.
[0066] Preferably the control unit is adapted to adjust
the rotation speed of the laundry drum based on the laun-
dry amount loaded inside the laundry drum. Preferably
the drum rotation speed decreases when the laundry
amount increases. The amount of load inside the laundry
drum 12 may be detected by a detection device in or at
said laundry drum 12. Preferably, electrodes can be pro-
vided to detect the electric resistance and/or conductivity
of the laundry inside the drum. Noise and fluctuation of
the electric signal associated to the detected electric re-
sistance and/or conductivity of the laundry are used to
estimate the laundry amount.
[0067] The amount of load in the laundry drum 12 may
be further estimated by the temperature difference of the
drying air stream between an inlet and outlet of the laun-
dry drum 12. The temperature difference of the inlet and
outlet of the laundry drum 12 is related to the amount of
water extracted from the laundry and decreases in the
case of a small heat exchange between the drying air
stream and the laundry. In a similar way, the amount of
load in the laundry drum 12 may be detected by the tem-
perature difference of the drying air stream between an
inlet and outlet of the air-to-air condenser 36 or the evap-
orator 14. This temperature difference is also related to
the amount of water extracted from the laundry. However,
the temperature difference between the inlet and outlet
of the air-to-air condenser 36 or evaporator 14 increases
in the case of a small heat exchange between the drying
air stream and the laundry.
[0068] Further, amount of load in the laundry drum 12
can be estimated by detecting an electric parameter of
the laundry drum motor. Motor current, motor voltage,

motor power provide vary in response to the laundry
amount and an estimation of the laundry amount can be
derived from said parameters when the drum rotates.
Also the torque of the laundry drum motor can be used
to estimate the laundry amount.
[0069] The basic idea of the invention allows a way to
maintain the power consumption of the fan motor 26 and
drum motor 28 at low average level without penalising
the drying performance of the machine. Particularly, the
invention provides an accurate and efficient power bal-
ancing between the power absorbed by the fan motor 26
and by the drum motor 28. When the drum rotation speed
vd and the drum motor power Pd are low, then the fan
motor 26 and the drum motor 28 can be set to higher
speed values and higher powers, so that the power saved
at the drum motor 28 is transferred to the fan motor 26.
[0070] Further, in this case a higher speed level of the
fan motor 26, it follows an increased flow rate and better
performances. On the other hand, when the drum rotation
speed vd and the drum motor power Pd are relatively
high, then the fan rotation speed vf is set to a lower level
in order to balance the relative high power consumption
of the drum motor 28 and maintain globally a low power
level. Since the fan rotation speed vf is in any case suf-
ficiently high, the drying performances are maintained at
a satisfactory level and the power consumption of the
machine is kept within predetermined limits.
[0071] Although illustrative embodiments of the
present invention have been described herein with ref-
erence to the accompanying drawings, it is to be under-
stood that the present invention is not limited to those
precise embodiments, and that various other changes
and modifications may be affected therein by one skilled
in the art without departing from the scope or spirit of the
invention. All such changes and modifications are intend-
ed to be included within the scope of the invention as
defined by the appended claims.

List of reference numerals

[0072]

10 air stream circuit
12 laundry drum
14 evaporator
16 condenser
18 drying air stream fan
20 refrigerant circuit
22 compressor
24 expansion device
26 fan motor
28 drum motor
30 control unit
32 fan control line
34 drum control line
36 air-to-air condenser
38 ambient air fan
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vf fan rotation speed
vd drum rotation speed
Pf fan motor power
Pd drum motor power
vf1 first fan rotation speed value
vf2 second fan rotation speed value
vdth threshold value of the drum rotation speed

Claims

1. A method for controlling a laundry dryer including a
heat pump system and/or an air stream circuit (10),
a laundry drum (12) driven with a variable drum ro-
tation speed (vd) by a drum motor (28) and a drying
air stream fan (18) driven with a variable fan rotation
speed (vf) by a fan motor (26), said method compris-
ing the step of:

- setting a course of the drum rotation speed (vd)
or a course of a drum motor power (Pd) of the
laundry drum (12), and being characterised by
further comprising the steps of:
- setting a fan rotation speed (vf) and/or a fan
motor power (Pf) of the drying air stream fan (18)
on the basis of the drum rotation speed (vd)
and/or the drum motor power (Pd) of the laundry
drum (12),
- wherein the fan rotation speed (vf) and/or the
fan motor power (Pf) of the drying air stream fan
(18) is decreased with an increasing drum rota-
tion speed (vd) and/or increasing drum motor
power (Pd) of the laundry drum (12),
- and wherein the fan rotation speed (vf) and/or
the fan motor power (Pf) of the drying air stream
fan (18) is increased with a decreasing drum ro-
tation speed (vd) and/or decreasing drum motor
power (Pd) of the laundry drum (12).

2. The method according to claim 1,
characterized in that
the course of the drum rotation speed (vd) or the
course of the drum motor power (Pd) of the laundry
drum (12) is set according to a program selected by
a user, and/or according to an input by the user,
and/or according to an estimated load in the laundry
drum (12).

3. The method according to claim 1 or 2,
characterized in that
the fan rotation speed (vf) of the drying air stream
fan (18) decreases linearly with increasing drum ro-
tation speed (vd) of the laundry drum (12).

4. The method according to any one of the preceding
claims,
characterized in that
the fan motor power (Pf) of the drying air stream fan

(18) decreases linearly with increasing drum motor
power (Pd) of the laundry drum (12).

5. The method according to any one of the preceding
claims,
characterized in that
the fan rotation speed (vf) of the drying air stream
fan (18) decreases linearly with increasing drum mo-
tor power (Pd) of the laundry drum (12).

6. The method according to any one of the preceding
claims,
characterized in that
the fan motor power (Pf) of the drying air stream fan
(18) decreases linearly with increasing drum rotation
speed (vd) of the laundry drum (12).

7. The method according to any one of the preceding
claims,
characterized in that
a predetermined threshold value of the drum rotation
speed is defined and if the drum rotation speed is
lower than the threshold value, then the fan rotation
speed is set to a first fan rotation speed value, dif-
ferently if the drum rotation speed is higher than the
threshold value, then the fan rotation speed is set to
a second fan rotation speed value, wherein the first
fan rotation speed value is higher than the second
fan rotation speed value.

8. The method according to any of claims 1, 2 or 7,
characterized in that
the fan rotation speed (vf) of the drying air stream
fan (18) or the fan motor power (Pf) of the drying air
stream fan (18) decreases step-wise with increasing
drum rotation speed (vd) of the laundry drum (12) or
with increasing drum motor power (Pd) of the laundry
drum (12).

9. The method according to any one of the preceding
claims,
characterized in that
the method is provided for a laundry dryer with a heat
pump system, wherein a rotation speed and/or a
power of a compressor (22) is controlled in depend-
ence of the fan rotation speed (vf) of the drying air
stream fan (18).

10. The method according to claim 9,
characterized in that
the rotation speed or power of the compressor (22)
increases with increasing fan rotation speed (vf) of
the drying air stream fan (18).

11. The method according to any one of the preceding
claims,
characterized in that
the drum rotation speed (vd) of the laundry drum (12)
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is variable between 10 rpm and 70 rpm, in particular
between 20 rpm and 60 rpm.

12. The method according to any one of the preceding
claims,
characterized in that
the fan rotation speed (vf) of the drying air stream
fan (18) is variable between 2000 rpm and 4000 rpm,
in particular between 2700 rpm and 3500 rpm.

13. A laundry dryer including a laundry drum (12) driven
by a drum motor (28) and a drying air stream fan (18)
driven by a fan motor (26), wherein the drum motor
(28) and the fan motor (26) are controlled independ-
ently from each other by a control unit (30), and
wherein the laundry dryer is provided for the method
according to any one of the claims 1 to 12.

14. The laundry dryer according to claim 13,
characterized in that
the laundry dryer comprises a heat pump system
having a compressor (22).

15. The laundry dryer according to claim 14,
characterized in that
a rotation speed and/or a power of a compressor
(22) is controlled by the control unit (30), preferably
in dependence of the fan rotation speed (vf) of the
drying air stream fan (18).

Patentansprüche

1. Verfahren zum Steuern eines Wäschetrockners, der
Folgendes enthält: ein Wärmepumpensystem
und/oder einen Luftstromkreislauf (10), eine Wä-
schetrommel (12), die mit einer variablen Trommel-
drehzahl (vd) von einem Trommelmotor (28) ange-
trieben wird, und einen Trocknungsluftstromlüfter
(18), der mit einer variablen Lüfterdrehzahl (vf) von
einem Lüftermotor (26) angetrieben wird, wobei das
Verfahren die folgenden Schritte umfasst:

- Einstellen eines Gangs der Trommeldrehzahl
(vd) oder eines Gangs einer Trommelmotorleis-
tung (Pd) der Wäschetrommel (12), und ferner
gekennzeichnet durch die folgenden Schritte:
- Einstellen einer Lüfterdrehzahl (vf) und/oder
einer Lüftermotorleistung (Pf) des Trocknungs-
luftstromlüfters (18) auf der Grundlage der
Trommeldrehzahl (vd) und/oder der Trommel-
motorleistung (Pd) der Wäschetrommel (12),
- wobei die Lüfterdrehzahl (vf) und/oder die Lüf-
termotorleistung (Pf) des Trocknungsluftstrom-
lüfters (18) mit einer zunehmenden Trommel-
drehzahl (vd) und/oder einer zunehmenden
Trommelmotorleistung (Pd) der Wäschetrom-
mel (12) abnimmt,

- und wobei die Lüfterdrehzahl (vf) und/oder die
Lüftermotorleistung (Pf) des Trocknungsluft-
stromlüfters (18) mit einer abnehmenden Trom-
meldrehzahl (vd) und/oder einer abnehmenden
Trommelmotorleistung (Pd) der Wäschetrom-
mel (12) zunimmt.

2. Verfahren nach An- spruch 1, dadurch gekenn-
zeichnet, dass der Gang der Trommeldrehzahl (vd)
oder der Gang der Trommelmotorleistung (Pd) der
Wäschetrommel (12) entsprechend einem von ei-
nem Anwender ausgewählten Programm und/oder
entsprechend einer Eingabe des Anwenders
und/oder entsprechend einer geschätzten Beladung
der Wäschetrommel (12) eingestellt wird.

3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die Lüfterdrehzahl (vf) des
Trocknungsluftstromlüfters (18) mit zunehmender
Trommeldrehzahl (vd) der Wäschetrommel (12) li-
near abnimmt.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass die Lüftermo-
torleistung (Pf) des Trocknungsluftstromlüfters (18)
mit zunehmender Trommelmotorleistung (Pd) der
Wäschetrommel (12) linear abnimmt.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass die Lüfter-
drehzahl (vf) des Trocknungsluftstromlüfters (18) mit
zunehmender Trommelmotorleistung (Pd) der Wä-
schetrommel (12) linear abnimmt.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass die Lüftermo-
torleistung (Pf) des Trocknungsluftstromlüfters (18)
mit zunehmender Trommeldrehzahl (vd) der Wä-
schetrommel (12) linear abnimmt.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass ein vorgege-
bener Schwellenwert der Trommeldrehzahl definiert
ist und die Lüfterdrehzahl dann, wenn die Trommel-
drehzahl kleiner als der Schwellenwert ist, auf einen
ersten Lüfterdrehzahlwert eingestellt wird, und ab-
weichend davon die Lüfterdrehzahl dann, wenn die
Trommeldrehzahl höher als der Schwellenwert ist,
auf einen zweiten Lüfterdrehzahlwert eingestellt
wird, wobei der erste Lüfterdrehzahlwert höher als
der zweite Lüfterdrehzahlwert ist.

8. Verfahren nach einem der Ansprüche 1, 2 oder 7,
dadurch gekennzeichnet, dass die Lüfterdrehzahl
(vf) des Trocknungsluftstromlüfters (18) oder die Lüf-
termotorleistung (Pf) des Trocknungsluftstromlüf-
ters (18) mit zunehmender Trommeldrehzahl (vd)
der Wäschetrommel (12) oder mit zunehmender

15 16 



EP 2 922 993 B1

10

5

10

15

20

25

30

35

40

45

50

55

Trommelmotorleistung (Pd) der Wäschetrommel
(12) schrittweise abnimmt.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass das Verfah-
ren für einen Wäschetrockner mit einem Wärme-
pumpensystem vorgesehen ist, wobei eine Drehzahl
und/oder Leistung eines Kompressors (22) in Ab-
hängigkeit von der Lüfterdrehzahl (vf) des Trock-
nungsluftstromlüfters (18) gesteuert wird.

10. Verfahren nach Anspruch 9, dadurch gekenn-
zeichnet, dass die Drehzahl oder die Leistung des
Kompressors (22) mit zunehmender Lüfterdrehzahl
(vf) des Trocknungsluftstromlüfters (18) zunimmt.

11. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass die Trommel-
drehzahl (vd) der Wäschetrommel (12) zwischen 10
min-1 und 70 min-1, insbesondere zwischen 20 min-1

und 60 min-1, variiert werden kann.

12. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass die Lüfter-
drehzahl (vf) des Trocknungsluftstromlüfters (18)
zwischen 2000 min-1 und 4000 min-1, insbesondere
zwischen 2700 min-1 und 3500 min-1, variiert werden
kann.

13. Wäschetrockner, der eine Wäschetrommel (12), die
von einem Trommelmotor (28) angetrieben wird, und
einen Trocknungsluftstromlüfter (18), der von einem
Lüftermotor (26) angetrieben wird, enthält, wobei der
Trommelmotor (28) und der Lüftermotor (26) unab-
hängig voneinander von einer Steuereinheit (30) ge-
steuert werden und wobei der Wäschetrockner für
das Verfahren nach einem der Ansprüche 1 bis 12
vorgesehen ist.

14. Wäschetrockner nach Anspruch 13, dadurch ge-
kennzeichnet, dass der Wäschetrockner ein Wär-
mepumpensystem, das einen Kompressor (22) auf-
weist, umfasst.

15. Wäschetrockner nach Anspruch 14, dadurch ge-
kennzeichnet, dass eine Drehzahl und/oder eine
Leistung eines Kompressors (22) von der Steuerein-
heit (30) vorzugsweise in Abhängigkeit von der Lüf-
terdrehzahl (vf) des Trocknungsluftstromlüfters (18)
gesteuert wird.

Revendications

1. Procédé de commande d’un sèche-linge compre-
nant un système de pompe à chaleur et/ou un circuit
(10) de flux d’air, un tambour (12) à linge entraîné
avec une vitesse variable de rotation de tambour (vd)

par un moteur (28) de tambour et un ventilateur (18)
de flux d’air de séchage entraîné avec une vitesse
variable de rotation de ventilateur (vf) par un moteur
(26) de ventilateur, ledit procédé comportant l’étape
consistant à :

- régler une évolution de la vitesse de rotation
du tambour (vd) ou une évolution d’une puissan-
ce de moteur de tambour (Pd) du tambour (12)
à linge, et étant caractérisé en ce qu’il com-
porte en outre les étapes consistant à :
- régler une vitesse de rotation du ventilateur (vf)
et/ou une puissance de moteur de ventilateur
(Pf) du ventilateur (18) de flux d’air de séchage
d’après la vitesse de rotation du tambour (vd)
et/ou la puissance de moteur de tambour (Pd)
du tambour (12) à linge,
- la vitesse de rotation du ventilateur (vf) et/ou
la puissance de moteur de ventilateur (Pf) du
ventilateur (18) de flux d’air de séchage étant
diminuées avec l’augmentation de la vitesse de
rotation du tambour (vd) et/ou l’augmentation de
la puissance de moteur de tambour (Pd) du tam-
bour (12) à linge,
- et la vitesse de rotation du ventilateur (vf) et/ou
la puissance de moteur de ventilateur (Pf) du
ventilateur (18) de flux d’air de séchage étant
augmentées avec la diminution de la vitesse de
rotation du tambour (vd) et/ou la diminution de
la puissance de moteur de tambour (Pd) du tam-
bour (12) à linge.

2. Procédé selon la revendication 1,
caractérisé en ce que
l’évolution de la vitesse de rotation du tambour (vd)
ou l’évolution de la puissance de moteur de tambour
(Pd) du tambour (12) à linge sont réglées selon un
programme sélectionné par un utilisateur, et/ou se-
lon une saisie par l’utilisateur, et/ou en fonction d’une
charge estimée dans le tambour (12) à linge.

3. Procédé selon la revendication 1 ou 2,
caractérisé en ce que
la vitesse de rotation du ventilateur (vf) du ventilateur
(18) de flux d’air de séchage diminue linéairement
avec l’augmentation de la vitesse de rotation du tam-
bour (vd) du tambour (12) à linge.

4. Procédé selon l’une quelconque des revendications
précédentes,
caractérisé en ce que
la puissance de moteur de ventilateur (Pf) du venti-
lateur (18) de flux d’air de séchage diminue linéai-
rement avec l’augmentation de la puissance de mo-
teur de tambour (Pd) du tambour (12) à linge.

5. Procédé selon l’une quelconque des revendications
précédentes,
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caractérisé en ce que
la vitesse de rotation du ventilateur (vf) du ventilateur
(18) de flux d’air de séchage diminue linéairement
avec l’augmentation de la puissance de moteur de
tambour (Pd) du tambour (12) à linge.

6. Procédé selon l’une quelconque des revendications
précédentes,
caractérisé en ce que
la puissance de moteur de ventilateur (Pf) du venti-
lateur (18) de flux d’air de séchage diminue linéai-
rement avec l’augmentation de la vitesse de rotation
du tambour (vd) du tambour (12) à linge.

7. Procédé selon l’une quelconque des revendications
précédentes,
caractérisé en ce que
une valeur seuil prédéterminée de la vitesse de ro-
tation du tambour est définie et si la vitesse de rota-
tion du tambour est inférieure à la valeur seuil, alors
la vitesse de rotation du ventilateur est réglée à une
première valeur de vitesse de rotation du ventilateur,
alors que, si la vitesse de rotation du tambour est
supérieure à la valeur seuil, alors la vitesse de rota-
tion du ventilateur est réglée à une deuxième valeur
de vitesse de rotation du ventilateur, la première va-
leur de vitesse de rotation du ventilateur étant supé-
rieure à la deuxième valeur de vitesse de rotation du
ventilateur.

8. Procédé selon l’une quelconque des revendications
1, 2 ou 7,
caractérisé en ce que
la vitesse de rotation du ventilateur (vf) du ventilateur
(18) de flux d’air de séchage ou la puissance de mo-
teur de ventilateur (Pf) du ventilateur (18) de flux d’air
de séchage diminue par échelons avec l’augmenta-
tion de la vitesse de rotation du tambour (vd) du tam-
bour (12) à linge ou avec l’augmentation de la puis-
sance de moteur de tambour (Pd) du tambour (12)
à linge.

9. Procédé selon l’une quelconque des revendications
précédentes,
caractérisé en ce que
le procédé est prévu pour un sèche-linge doté d’un
système de pompe à chaleur, une vitesse de rotation
et/ou une puissance d’un compresseur (22) étant
commandées en fonction de la vitesse de rotation
du ventilateur (vf) du ventilateur (18) de flux d’air de
séchage.

10. Procédé selon la revendication 9,
caractérisé en ce que
la vitesse de rotation ou la puissance du compres-
seur (22) augmente avec l’augmentation de la vites-
se de rotation du ventilateur (vf) du ventilateur (18)
de flux d’air de séchage.

11. Procédé selon l’une quelconque des revendications
précédentes,
caractérisé en ce que
la vitesse de rotation du tambour (vd) du tambour
(12) à linge est variable entre 10 t/mn et 70 t/mn, en
particulier entre 20 t/mn et 60 t/mn.

12. Procédé selon l’une quelconque des revendications
précédentes,
caractérisé en ce que
la vitesse de rotation du ventilateur (vf) du ventilateur
(18) de flux d’air de séchage est variable entre 2000
t/mn et 4000 t/mn, en particulier entre 2700 t/mn et
3500 t/mn.

13. Sèche-linge comprenant un tambour (12) à linge en-
traîné par un moteur (28) de tambour et un ventila-
teur (18) de flux d’air de séchage entraîné par un
moteur (26) de ventilateur, le moteur (28) de tambour
et le moteur (26) de ventilateur étant commandés
indépendamment l’un de l’autre par une unité (30)
de commande, et le sèche-linge étant prévu pour le
procédé selon l’une quelconque des revendications
1 à 12.

14. Sèche-linge selon la revendication 13,
caractérisé en ce que
le sèche-linge comporte un système de pompe à
chaleur doté d’un compresseur (22).

15. Sèche-linge selon la revendication 14,
caractérisé en ce que
une vitesse de rotation et/ou une puissance d’un
compresseur (22) sont commandées par l’unité (30)
de commande, de préférence en fonction de la vi-
tesse de rotation du ventilateur (vf) du ventilateur
(18) de flux d’air de séchage.
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